comfortable as regulated by these rivers. The Luchuan Canal at the city center is called the "eternal stream" by the populace. Its overall length is about 10 km, the average bottom slope is 0.76%, and the catchment area is 566.4 ha [1] . Liuchuan Canal is so-named for the weeping willows along its banks. The overall length of Liuchuan Canal is 27.2 km, the average bottom slope is 0.75%, and the upstream catchment area is about 422 ha [1] [2] . Meichuan Canal is located in Taichung basin. Belonging to the Wu River system, it is a branch of Liuchuan Canal [3] . The Mayuantou River was so-named because it flows through "Mayuantou," the origin of a hemp farm [4] . The Mayuantou flows through Taichung's urban area and into the Jiuhan River [5] . As a result of urbanization, factory and domestic wastewater is easier to drain into the water area, causing pollution, curve cut-off of river course, and the river course deepening or widening [6] . These four waterways -except for the Mayuantouare heavily polluted [7] .
Antibiotics are quite effective bactericides. However, the massive and improper use of antibiotics has resulted in ubiquitous drug-resistant bacteria, and the drug resistance grows successively. Many reports have studied drugresistant bacteria in hospitals, farms, and fish farms where antibiotics are used in large quantities [8] [9] . However, drug-resistant bacteria are also widespread in aquatic environments [10] .
The coliform group, belonging to Gram-negative bacteria, is often detected in the environment polluted by human or animal excreta. Escherichia coli and the coliform group are the most extensively used index microorganisms for inspecting the sanitary quality of food and water [11] . In the MacConkey (MAC) culture medium, the Gramnegative bacilli colony with lactose fermentability (e.g., E. coli and coliform) is red, but they cannot ferment lactose.
In this study the water samples were collected from the four major waterways in the city of Taichung (Luchuan Canal, Liuchuan Canal, Meichuan Canal, and Mayuantou River) cultured in MAC culture medium, with bacterial content, bacterial resistance pattern, and drug-resistant strains calculated. The findings show that drug-resistant intestinal bacteria are ubiquitous in these urban aquatic environments.
Materials and Methods

Collection of Water Samples
The water samples were collected by a home-made water collector, which was a 1,000 ml clean plastic measuring cup. It was sterilized by UV irradiation and put in an aseptic plastic bag until use. For collecting water samples, the cup was tied with a 5 m string through a hole punctuated near the rim, and the string was rolled up by a winder, without touching the inside of water collector during the operation. On the selected river embankment or bridge, the winder was rolled to lower the cup into the water slowly, when the water sample flowed into the cup, the winder rolled up the string and the water sample was obtained. Afterward, the water sample was poured into a sterilized screw-capped glass test tube immediately and taken back to the laboratory for analysis. The samples were collected in August 2015.
Operation procedure
The pH value was measured for the water samples by a pH meter. The sample, diluted with physiological saline solution by 10-fold series to 10 -5 , and 50 or 100 μl was spread on the MAC agar without and with ampicillin (Ap), kanamycin (Km), or tetracycline (Tc). The composition of MAC was (g/L): pancreatic digest of gelatin 17.0 g, peptones 3.0 g, lactose 10.0 g, bile salts 1.5 g, sodium chloride 5.0 g, agar 13.5 g, neutral red 0.03 g, crystal violet 0.001 g, and final pH ~7.1. The final concentrations of Ap, Km, and Tc antibiotics were 100, 50, and 15 µg/ml, respectively [12] . The plates were incubated at 28°C for 2-3 days, then the colony-forming units (CFU) were calculated and colonial morphology was observed. Afterward, Ap-, Km-, and Tc-resistant colonies in different morphologies were selected and spread on fresh MAC plates with the other two antibiotics.
Strain Identification
The Ap r , Km r , and Tc r strains were cultured on LA plates and identified for carbohydrate utilization capability using ApI 50 CH and ApI RApID ID 32A kits (bioMérieux).
Results
Water Sample Inspection
To know drug resistance of intestinal bacteria in the four major waterways, water samples were collected from the monitoring stations of the Taichung Environmental protection Bureau, which represent the upper, middle, and lower reaches of each measured waterway (Fig. 1) . The samples collected were cultured in MAC medium with or without antibiotics.
As shown in Table 1 , pH value of the water from the four waterways ranged between 7.0 and 7.3. In the upper reach of Luchuan Canal the viable count of the Gram-negative bacteria (VCGB) was about 15,200 CFU/ml; the lactose-fermenting intestinal bacteria (LFIB), as evidenced by the ability to ferment a lactoseforming red colony on a MAC plate, accounted for about 55.3%; and four types of colony morphology were observed. The VCGB in the middle reach of Luchuan Canal was about 56,600 CFU/ml, the LFIB accounted for about 12%, and there were eight types of colony morphology. The VCGB in the lower reach was about 12,200 CFU/ml, 73.8% of which were LFIB, and there were six types of colony morphology (Supplemental Table 1 ).
The VCGB in the upper reach of Liuchuan Canal was about 44,400 CFU/ml, the LFIB accounted for about 69.4%, and there were six types of colony morphology. The VCGB in the middle reach was about 31,000 CFU/ ml, 11.6% of which were LFIB. There were seven types of colony appearance. The Gram-negative bacteria content in the lower reach was about 6,760 CFU/ml, LFIB accounted for about 51.2%, and there were eight types of colony appearance. The VCGB in the lower reach of Liuchuan Canal was lower than that in the upper or middle reach, but the LFIB in the middle reach were apparently less than that in the upper and lower reaches ( Table 1, Supplemental  Table 1 ).
The VCGB in the upper reach of Meichuan Canal was about 21,800 CFU/ml, LFIB accounted for about 76.1%, and there were five types of colony appearance; the VCGB in the middle reach was about 17,600 CFU/ml, the LFIB accounted for about 81.8%, and there were seven types of colony appearance; and the VCGB in the lower reach was about 11,200 CFU/ml, the LFIB accounted for about 53.6%, there were 10 types of colony appearance ( In the upper reach of the Mayuantou River the VCGB was about 6,800 CFU/ml (70.6% of which were LFIB), and seven types of colony appearance; the VCGB in the middle reach was about 54,800 CFU/ml, LFIB accounted for about 73.4%, and there were nine types of colony appearance; and the VCGB in the lower reach was about 8,200 CFU/ml, LFIB accounted for about 78%, and there were five types of colony appearance (Table 1,  Supplemental Table 1 ).
To know the drug resistance patterns, Ap-, Km-, and Tc-resistant colonies in different shapes were selected and spread on fresh MAC plates containing the other two antibiotics. The results showed that all water samples contained drug-resistant strains. Table 1 ).
In the water samples from these four waterways, LFIB resistant to Ap, Km, and Tc ranged between 0.1% to 13.3%, 0.3% to 7.6%, and 0.8% to 10.9%, respectively. Among them, the Ap r or Tc r were higher than the Km r ; but in water samples from the lower reach of Luchuan Canal and upper reach of Liuchuan Canal, the bacterial count resistant to Km was apparently larger ( 
Discussion
The values of water pH of the four rivers were maintained between 7.0 and 7.3, indicating that either few substances affecting the pH were discharged or the water volumes of the rivers were large enough to dilute the pHaffecting inputs. Since growth of most bacteria is favored by pH values near 7.0, this may explain why high VCGB were detected in the samples.
Important conclusions of the experimental results: Drug-resistant bacteria are ubiquitous in the four major Taichung waterways As a result of the extensive application of antibiotics, bacterial resistance has become increasingly severe [13] . Relevant reports mostly lay emphasis on the places where the antibiotics are used in large quantities, such as hospitals, livestock farms, farms, and fish farms [14] . The wastewater discharged from these places is usually treated by three-to four-stage purification, including 1) pre-treatment: to remove massive suspended substances, heavy inorganic substances, and oil and fat; 2) primary treatment: to remove suspended substances, metals, and nutrient substances; 3) secondary treatment: to get rid of the organic substances, other impurities or fine suspended matters left in the sewage after primary treatment, including chlorination; and 4) tertiary treatment: to remove the residual water pollutants, such as nitrogen and phosphor eutrophication agents and chlorinated organic substances after the aforesaid procedures [15] . Without effective physical, chemical, and biological treatment, the detrimental materials, drugs, and microorganisms are definitely discharged into the soil or rivers in our living environment. The tested water samples in this study were from an open aquatic environment at 12 water monitoring stations along the rivers, covering the four major rivers in the center of Taichung. Drug-resistant strains were detected in all 12 water samples, with multiple resistant (Ap 1 multi-drug resistant bacteria indicated the identified bacteria in this study resistant to ampicillin, kanamycin and tetracycline 2 Abbreviation for each aquatic environment is the same as that mentioned in Table 1 . 
Numbers of LFIB in the four major Taichung waterways are not correlated to VCGB
The results show that there is no positive correlation between the VCGB and the number of LFIB in the waterways. For example, the VCGB in the upper reach of Luchuan Canal was about 15,200 CFU/ml, 55.3% of which were LFIB. In the middle canal reach, the VCGB increased by about 3.7 times (56,600 CFU/ml), but the proportion of LFIB decreased, which was 12% of the VCGB. In the lower canal reach, the VCGB decreased again (equivalent to that in the upper reach), but the proportion of LFIB was as high as 73.8% of the VCGB, and the Liuchuan Canal had similar conditions. Various factors might have resulted in different bacterial contents in the upper and lower reaches of river. When these open water courses pass through the city, there may be other water sources or sewage draining into them. In addition, sunshine, shade density, temperature, and oxygen content of different reaches may result in different river microbial ecologies [16] .
Numbers of drug-resistant bacteria and drug resistance patterns in the four major Taichung waterways are not correlated to VCGB The results showed that there is no correlation between the VCGB and the number of drug-resistant bacteria and drug resistance patterns in the water samples. This is not surprising, since the VCGB and the number of drug-resistant bacteria in the water samples may also be influenced by multiple complex natural and human factors, such as the ecological environment factors of illumination, temperature, and pH, and exotics in the water area.
At least six drug resistance patterns are present in the four major Taichung waterways
The strains analyzed in this study have six drugresistance patterns: Ap The strains resistant to all three antibiotics in the samples are E. coli, Klebsiella, Providencia stuartii, and Aeromonas, which are bacilli inhabiting animal and human intestinal tracts. The presence of large amounts of enteric bacilli in an aquatic environment indicates that the water source may have been polluted by feces. E. coli can cause such diseases as blood poisoning, urinary tract infection, and multiple enteric infections. Klebsiella is one of the important opportunistic pathogens and iatrogenic infectious bacteria causing pneumonia, blood poisoning, meningitis, liver abscess, urinary system infection, and renal abscess with high mortality rate [17] . P. stuartii can cause diarrhea and even bacteremias by contact infection and wound infection [18] in individuals with weakened immune systems. Aeromonas can cause diarrheal disease by consuming contaminated food, or wound infections by contact with contaminated water or soil [19] [20] .
The Aeromonas resistant to the antibiotics Ap, Km, and Tc can be detected in the four major waterways: the upper, middle, and lower reaches of Luchuan Canal; the lower reach of Liuchuan Canal; the middle and lower reaches of Meichuan Canal; and the upper reach and middle reaches of Mayuantou River. For immunocompromised persons, exposure to Aeromonas-contaminated water may cause infections in the endogenous blood, abdominal cavity, biliary tract, wounds, or the ureteral orifice [19] . Since an urban aquatic environment is in close contact with the local population, these water resources containing high numbers of drug-resistant strains are apparently hazardous to public health.
Conclusions
Foul sewers collect wastewater, separate solid pollutants from water, reduce the organic contaminants and eutrophic substances in water (nitrogen and phosphorous compounds), and decrease the hazard of sewage in the environment [15] . In the major European and Asian countries (Britain, Germany, the Netherlands, Singapore, etc.), the diffusion rate of public foul sewers is higher than 90% [21] . However, the diffusion rate of public foul sewers in Taiwan is only 36% [22] , with Taichung having the lowest diffusion rate among five metropolitan areas, which is only 15.1% (Taipei City 100%, New Taipei City 58%, Kaohsiung City 50.5%, Tainan City 20%). Domestic sewage and partial industrial effluent are discharged directly without treatment into the rivers of Taichung, causing pollution. The increasingly severe bacterial resistance strongly indicates the necessity of building public foul sewers in urban areas of Taiwan, especially in Taichung. Besides increasing the diffusion rate of public foul sewers, some aquatic facilities may use a simple sewage filtration process to prevent partial sewage from flowing into the foul sewers, so as to reduce the sewage stream's load; and some aquatic facilities can be equipped with nano-film to block the contaminant source to some extent [23] [24] . Currently, the best nano-film is capable of retaining virus particles effectively, allowing the water to flow through freely; or some aquatic facilities can conduct electrical current through a sodium chloride solution for electrolysis, so that the released chlorine can remove the bacteria in water effectively [25] . After all, the water area with safe water quality is the root of healthy and happy cities.
